ABSTRACT
INTRODUCTION
In addition to primary ophthalmopathies, systemic disorders such as immune-mediated, metabolic, infectious, parasitic and neoplastic diseases may result in ophthalmic alterations. Among these diseases, visceral leishmaniasis has raised great interest due to complications the disease causes in animals and its risks for public health in view of its clinical manifestation in humans.
The incidence of ocular lesions caused by visceral leishmaniasis is apparently higher in dogs than in humans and these lesions represent an important research field. These lesions might be the result of direct ocular parasitism but immune-mediated mechanisms have also been reported (KOUTINAS et al., 1999) . Some investigators found that ocular disease can be uni-or bilateral and even cause more than one alteration in the same eye (PEÑA et al., 2000; BRITO, 2004) . Studies have shown that both segments of the eye might be affected, but that lesions predominate in the anterior segment (MOLLEDA et al., 1993; BRITO, 2004; BRITO et al., 2004) . Histopathological alterations can affect different structures of the eye and are mainly characterized by the presence of an inflammatory infiltrate and, less commonly, by amastigote forms of the parasite, which permeates ocular tissues (MOLLEDA et al., 1993; LAUGIER & VERRO-BOULANGER, 1992; GARCÍA-ALONSO et al., 1996) .
Canine visceral leishmaniasis has been reported in various countries and represents an important disease in canine clinical practice, in addition to the problems this disease causes to public health. In Brazil, canine kala-azar plays an important role in small animal practice due to the growing diagnosis of associated ophthalmopathies (BRITO et al., 2004) . The conditions involved in the pathogenesis of ocular events in dogs infected with Leishmania chagasi are still a matter of controversy. Therefore, the objective of the present study was to investigate the pathological conditions that occur in the eyes of dogs with ophthalmopathies resulting from natural infection with L. chagasi.
MATERIAL AND METHODS
Twenty-five dogs infected naturally with a positive parasitological exam for L. chagasi (bone marrow aspiration biopsy) and positive serology for indirect immunofluorescence were included in the study (BRITO, 2004 Fragments were obtained from the third eyelid, third eyelid gland, conjunctiva, sclerocorneal limbus, sclera, cornea, iris, ciliary body, choroid, retina, and optic nerve and analyzed by immunohistochemistry and histopathology. Prior to immunohistochemistry of the anterior uvea, melanin depigmentation was performed to minimize background effects between pigments and immunostaining using oxalic acid 5% and potassium permanganate. Immunohistochemistry was performed as described by TAFURI et al. (2004) .
In order to identify an eventual correlation between the degree of parasitism and the intensity of inflammation in the ocular structures, the findings were classified quantitatively by attributing a score from 0 to 3, where 0=absent, 1=discrete, 2=moderate and 3=intense, and correlations were determined using Spearman's correlation coefficient.
RESULTS
The results of the detection of parasite by immunostaining for Leishmania amastigotes are shown in table 1. Only in the optic nerve, retina or choroid no detection of parasite in the immunostaining was observed.
For quantitative analysis of parasitism in ocular tissues, the immunohistochemical detection was classified into different degrees ranging from absent to intense as shown in the figure 1. Among the structures ocular conjunctiva of the third eyelid showed the greatest degree of parasitism ( Figure 2A) .
In all animals the type of inflammatory infiltrate was predominantly lymphoplasmacytic. The quantitative analysis of inflammatory infiltrate in ocular tissues was classified into different degrees ranging from absent to intense as shown in the figure 3.
Evaluation of histological sections of the cornea showed disorganization of the corneal stroma, with vascular proliferation in the transition area with the limbus, and the presence of some vessels in the stroma. Moreover, hyperplasia of the anterior epithelium and basement membrane and increased number of fibroblasts in the subepithelial area was observed. When present, the inflammatory exudate was discrete, located adjacent to the anterior epithelium, and mainly consisted of plasma cells.
A more intense inflammatory infiltrate was observed in connective tissue areas adjacent to the epithelium. Furthermore, ulceration of the epithelium accompanied by the presence of fibrin was noted, especially when the cell infiltrate was severe. Hyperplasia of the epithelium and basement membrane and epithelial cells projecting into the stroma were also noted.
Lymphocytes, plasma cells and macrophages were observed around blood vessels, a finding which characterizes perivasculitis, notably at the sclerocorneal junction. Vascular congestion associated or not with the dilatation of vessels, especially those located in the drainage angle, was also observed. Vascular congestion and vessel dilatation were noted in the sclera, which contained protein material and red blood cells. Although uncommon, vascular proliferation was present in the cornea. There was a predominance of lymphoplasmacytic elements, Ciência Rural, v.40, n.5, mai, 2010.
with few polymorphonuclear. Less constantly among collagen fibers in the stroma and lining epithelium. A lymphoplasmacytic inflammatory infiltrate was frequently identified around vessels of the sclera (perivasculitis) and scattered among collagen fibers.
The lining epithelium of the third eyelid was found to be thin in most animals and sometimes it was ulcerated. Despite the predominance of lymphoplasmacytic cells, neutrophils were present in small numbers. Plasma cells and macrophages predominated in subepithelial areas and were rare in the epithelial interstitium. These findings were mainly observed in simple stratified epithelium and, at a lower intensity, in deeper areas of the stroma, as well as, in prismatic columnar epithelium. Hyperplasia of goblet cells, metaplasia associated with the absence of goblet cells, and keratinization were observed in this epithelium. The formation of intraepithelial glands, most of them containing active cells, was noted in regions without metaplasia ( Figure 2B ).
Plasma cells, superficial surrounding macrophages and deep vessels of the conjunctiva were observed, which resulted in intense and diffuse perivasculitis accompanied or not by vascular congestion. Apoptotic figures in the tissue conjunctive were also frequent, in addition to a large number of active plasma cells, histiocytes and macrophages permeating the stroma. Lymphoid nodules present in the conjunctiva of the third eyelid were found to be enlarged, contained no germinative centers and presented mitotic figures.
Focal or diffuse atrophy of serous and mucous acini, accompanied by a lymphoplasmacytic cellular exudate, was the main alteration. Atrophy was Table 1 -Absolute (AF) and relative (RF) frequencies, the immunehistochemical for marking amastigotas forms of Leishmania chagasi in ocular tissues of dogs naturally infected with Leishmania chagasi. even more evident when contiguous to the inflammatory infiltrate. Inflammatory cells were visible among acini and in the lumen and ducts. Plasma cells and macrophages were observed in the periductal region and in extralobular ducts and were associated with gland hyperplasia. In addition, cystic dilatation of the ducts and invasion of the acinar parenchyma by adipocytes were noted. The most common findings in the iris, ciliary body and ciliary processes were vascular congestion, edema and perivasculitis, notably characterized by the presence of plasma cells and macrophages. In the ciliary processes, hemorrhage and fibrin deposition were observed. In the ciliary body, fibrosis and muscle fiber hyperplasia concomitantly with hemorrhage were also noted. In two animals, inflammatory cells (plasma cells, macrophages, monocytes and degenerated neutrophils) together with red blood cells were identified migrating from the iris and ciliary body to the aqueous humor. conjunctive: it can be noticed an intense degree of marked amastigotes forms of Leishmania chagasi between the conjunctive tissues (arrows). Streptavidine-peroxidase. 100x. B) Third eyelid: it can be noticed formation of glands intra-epithelium (arrows) and discrete inflammatory infiltrate adjacent to the epithelium (asterisks). HE. 100x. In the choroid, the findings repeated those observed in the anterior uvea. Vascular congestion was the predominant alteration in the retina. The concomitant presence of inflammatory cells in the retina and choroid characterized chorioretinitis. Inflammatory cells were notably found among layers of optic nerve fibers and ganglion cells, or even among the external plexiform and ganglion cell layers. In addition to the inflammatory exudate, these animals also presented an enlarged optic nerve fiber layer and ganglion cell degeneration and necrosis.
Analysis of the correlation between inflammation and the presence of parasites in the ocular structures using Spearman's correlation coefficient revealed a significant correlation for the tunica fibrosa (R=0.760609), third eyelid (R=0.958403) and anterior uvea (R=0.766652). However, no correlation was observed for the choroid (R=0) or retina (R=0).
DISCUSSION
In the present study, amastigote forms of L. chagasi were detected in ocular tissues of infected animals, except for the retina. The use of hematoxylineosin staining for the study of the eyes of 12 dogs naturally infected with L. chagasi, observed parasitism in structures such as cornea, sclera, conjunctiva, iris and retina (DIAS, 1998) .
One explanation for the finding of amastigote forms in the cornea is the occurrence of corneal inflammation prior to the presence of the parasite which would be transported to the cornea by parasitized macrophages, notably to the inflammation site. On the other hand, the presence of amastigotes in the conjunctiva is probably due to the immune function of this structure which acts as a lymphoid tissue.
In animals in which amastigote forms of Leishmania sp. were detected in the ciliary body and iris, uveitis was present, and staining of the parasite was discrete. The presence of Leishmania amastigotes in ocular structures has also been investigated by immunohistochemistry in two dogs with uveitis, in which parasite forms were detected in the lacrimal duct, ciliary body and processes, iris and sclera (GARCÍA-ALONSO et al., 1996) . The presence of the parasite in intraocular tissues is probably due to the breakdown of the blood-aqueous humor barrier and its passage to the anterior chamber or migration inside parasitized macrophages.
The absence of Leishmania amastigote forms in the retina and optic nerve might be related to tropism of the parasite for certain tissues or to the presence of the blood-retina barrier. Amastigotes have not been commonly reported in nervous tissue.
The degree of parasitism was not uniform among the ocular structures studied or even in the same structure, or between the right and left eye. Previous studies also suggested an unequal distribution of parasites in the skin of dogs (LIMA et al., 2003; TRAVI et al., 2001) . The unequal distribution of parasites observed in the eyeball is probably due to the independent response of each eye to aggression by the pathogen.
Predominantly cellular exudation mainly consisting of macrophages, plasma cells and lymphocytes was one of the alterations observed in the tunica fibrosa, conjunctival tissue, tunica vascularis and retina of dogs naturally infected with L. chagasi. Lymphoplasmacytic infiltration has been observed in various organs such as skin, spleen, liver, intestine, lung and kidneys (SILVA, 1997; TAFURI et al., 2001; XAVIER, 2002) in addition to structures of the eyeball (GARCIA- ALONSO et al., 1998; MOLLEDA et al., 2003; NARANJO et al., 2005) .
The intensity of inflammation varied between animals and between the ocular tissues studied, ranging from the absence of inflammatory cells to manifestations of intense exudation. The difference in the intensity of inflammation is probably due to the type of host immune response (cellular or humoral), similar to what has been described for the skin (XAVIER, 2002) . Although the eyeball is a single structure, the immune response of its different components is variable. The conjunctiva and uvea represent the primary centers of lymphoid activity in the eye. However, antigens are processed in the conjunctiva. There are specialized areas in the conjunctiva, called conjunctival associated lymphoid tissue, which receive and present antigens (EICHENBAUM et al., 1987) . In view of this specific response, the main sites of inflammation were the ocular surface and uveal tract.
In the retina, no parasites were observed that would explain inflammatory manifestations. PUMAROLA et al. (1991) and CIARAMELLA et al. (1997) reported vascular lesions in dogs with visceral leishmaniasis triggered by the localized or disseminated deposition of immune complexes in the blood vessel wall. The possibility of deposition of immune complexes in the retina, triggering an inflammatory response and the occurrence of lesions, cannot be ruled out.
In the present study, intense inflammatory exudation was observed in the lacrimal apparatus and was characterized by abundant granulation, focal and diffuse infiltration and a large number of Leishmania sp. amastigotes inside macrophages, in addition to generalized epithelial necrosis, findings also described (MOLLEDA et al., 1993; GARCIA-ALONSO et al., 1998) .
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In addition to the presence of the parasite and of inflammatory cells themselves, another factor that should be taken into account in the formation of tissue injury are substances released into the tissues by inflammatory cells. In addition to their participation in the elimination of the aggressive agent, macrophages may trigger tissue destruction by the release of oxygen free radicals, enzymes and cytokines (SIQUEIRA JUNIOR, 2000) .
Histopathology permitted the characterization of the alterations that occurred in the tunica fibrosa, such as dilatation of lymphatic vessels, thrombosis and perivasculitis, were also previously reported (MOLLEDA et al., 1993; GARCIA-ALONSO et al., 1998) . However, in the present study stromal disorganization, ulceration of the corneal epithelium and epithelial and basement membrane hyperplasia, which are common alterations, did not occur at the same proportion as reported by other investigators (MOLLEDA et al., 1993; GARCIA-ALONSO et al., 1996; DIAS, 1998) .
With respect to the nictitating membrane, an intense infiltrate was detected in the subepithelial region, surrounding lymphoid follicles, and in the secretory ducts. In addition, atrophy of the serous and mucous acini was the predominant alteration. Inflammation associated with acinar and ductal alterations has been suggested to be related to the deficit in tear production observed in canine visceral leishmaniasis (NARANJO et al., 2005) . The main findings in the third eyelid gland were granulomatous or pyogranulomatous infiltrates mainly located around ducts and the marked presence of macrophages, lymphocytes and plasma cells. GARCIA- ALONSO et al. (1996) , describing the histopathological alterations in two dogs with visceral leishmaniasis, observed an intense inflammatory reaction characterized by granulation around the lacrimal ducts and a predominance of lymphocytes, plasma cells and macrophages, associated with epithelial necrosis and partial epithelial ulceration.
The alterations observed in the present study in the lymphoid nodules and goblet cells of the conjunctiva have not been previously reported (MOLLEDA et al., 1993; GARCIA-ALONSO et al., 1998; DIAS, 1998; NARANJO et al., 2005) . These conditions are probably the result of the intense inflammatory response observed in these structures.
In visceral leishmaniasis, intraocular inflammation may result from the intense presence of leukocytes and Leishmania amastigote-like forms as described for the skin (MOZOS et al., 1999) or from the immune-mediated response (type III hypersensitivity) triggered by Leishmania antigens and by specific and nonspecific immunoglobulin deposits as observed for the glomerular filtration barrier (SARTORI et al., 1987; NIETO et al., 1992) .
In the present study, some animals showed no histopathological alterations in the eyeball. This finding might be related to the type of immune response manifested by the host. Animals presenting a cellular (Th1) response are able to elicit a greater cellular response and to overcome infection with Leishmania sp., whereas animals developing a humoral (Th2) immunological response might become intensely parasitized (ABRANCHES et al., 1991; PINELLI et al., 1994; NOLI, 1999) .
CONCLUSION
The present results showed that immunohistochemistry is a suitable technique for the determination of parasites in the ocular structures of dogs naturally infected with L. chagasi. Histopathological analysis revealed the predominance of an inflammatory infiltrate consisting of lymphocytes, macrophages and plasma cells, characterizing perivasculitis that was also distributed diffusely between tissues. 
SOURCES OF MANUFACTURES

